Aims: To identify occupations suspected to be associated with malignant lymphoma and to generate new hypotheses about occupational risks in a multicentre, population based case control study. Methods: Male and female patients with malignant lymphoma (n = 710) aged 18-80 years of age were prospectively recruited in six study regions in Germany. For each newly recruited lymphoma case, a sex, region, and age matched control was drawn from the population registers. Odds ratios and 95% confidence intervals for major occupations and industries were calculated using conditional logistic regression analysis, adjusted for smoking (in pack-years) and alcohol consumption. Patients with specific lymphoma subentities were additionally compared with the entire control group using unconditional logistic regression analysis. Results: The following economic/industrial sectors were positively associated with lymphoma: food products, beverages, tobacco; paper products, publishing and printing; and metals. Chemicals; real estate, renting, and business activities were negatively associated with lymphoma diagnosis. The authors observed an increased overall lymphoma risk among architects; maids; farmers; glass formers; and construction workers. Shoemaking and leather goods making was negatively associated with the lymphoma diagnosis (although based on small numbers). In the occupational group analysis of lymphoma subentities, Hodgkin's lymphoma was significantly associated only with rubber and plastic products making; diffuse large B cell lymphoma risk was considerably increased among metal processors; follicular lymphoma showed highly significant risk increases for several occupational groups (medical, dental, and veterinary workers; sales workers; machinery fitters; and electrical fitters); and multiple myeloma showed a particularly pronounced risk increase for farmers as well as for agriculture and animal husbandry workers.
D
uring the past few decades, the incidence of nonHodgkin's lymphoma (NHL) increased in most Western countries. [1] [2] [3] [4] Only recent data indicate a leveling off of this trend. In Germany, NHL made up an estimated 3% of the male and 3.4% of the female incident cancer cases in 2000. 5 The aetiology of malignant lymphoma is still largely unknown. Strong evidence exists for the association between NHL and congenital or acquired immunosuppression, especially AIDS. [6] [7] [8] [9] [10] Immune factors also seem to play a role in the aetiology of Hodgkin's lymphoma: 7 an excess has been found after transplantations 11 12 as well as among HIV infected patients. 13 14 The known risk factors explain only a small proportion of malignant lymphoma. Several studies point to a potential aetiological role of occupational factors to malignant lymphoma. Hodgkin lymphomas have been found in excess among farmers or carpenters, 15 16 welding workers, 17 wood workers, 18 19 workers in the paper industry, 20 painters, 21 workers in the chemical industry exposed to solvents, and teachers. 22 Increased NHL risks have been found among painters; 23 farmers; 15 24 female physicians, machine fitters, metal workers, cowmen; 25 shoe makers, cobblers, wood workers; 20 furniture makers, dairy workers; 26 printers and workers in the porcelain industry; 27 leather manufacturing; 28 textile; 29 30 or chemical industry. 16 The aim of the present multicentre, population based case control study is to identify occupations suspected to be associated with lymphoma risk and to generate new hypotheses about occupational risks. The diagnosis is based on the new WHO classification 31 32 which is believed to be more appropriate for aetiological research than earlier classifications.
MATERIALS AND METHODS

Study population
The study design has been described in detail in previous publications. 33 34 Briefly, the study was conducted under the leadership of the German Cancer Research Center (DKFZ) in six defined regions in Germany: Ludwigshafen/Upper Palatinate, Heidelberg/Rhine-Neckar-County, Würzburg/ Lower Frankonia, Hamburg, Bielefeld/Guetersloh, and Munich. In the mentioned study areas, all hospital and ambulatory physicians involved in the diagnosis and therapy of malignant lymphoma were asked to identify prospectively all patients aged 18-80 years with newly diagnosed lymphoma (NHL and Hodgkin's lymphoma). Lymphoma patients were required to be resident in the study area and to be familiar with the German language.
All cases were classified according to the new WHO classification. 31 32 The WHO classification of lymphoma defines subentities which are based, to a larger extent than previous classifications, on their natural history and biological features. Of 710 participating lymphoma patients (participation rate, 87.4%), 115 suffered from Hodgkin lymphoma, 554 suffered from B-non-Hodgkin's lymphoma, 35 from T-non-Hodgkin's lymphoma, one suffered from combined B-non-Hodgkin's lymphoma and Hodgkin's lymphoma, and five from other lymphoma. According to the WHO classification, B-non-Hodgkin's lymphoma were further subdivided into the following subentities (only subentities with n.30 cases are mentioned): diffuse large B-cell lymphoma (n = 158); follicular lymphoma (n = 92); chronic lymphocytic leukaemia (CLL)/small lymphocytic lymphoma (SLL) (n = 104); plasma cell myeloma (plasmacytoma) (n = 76); and marginal zone B-cell lymphoma (n = 38).
For each newly recruited lymphoma case, a sex, region, and age matched (plus or minus 1 year of birth) population control was drawn from the population registration office. Control subjects that were not familiar with the German language were excluded from the study. For each participant who had to be excluded from the study or rejected participation, the recruitment procedure was repeated. Among population controls the participation rate was 44.3%. Of the non-participants, 24.9% could not be traced, 51% refused to participate due to lack of interest, and 11.5% due to health problems. The remaining 12.4% mentioned other reasons for non-participation. A total of 710 case control pairs were included in the analysis.
Data collection
In a face to face interview, intensively trained interviewers elicited detailed information about the medical history (including medication), lifestyle (including smoking, alcohol consumption, and leisure time activities), and occupation. Three cases could not be interviewed and four additional cases lacked the information regarding the occupational history. All residual subjects were personally interviewed. The interviewers documented a complete occupational history, including every occupational period that lasted at least one year. For every job held, information was elicited about the start and the end of the job phase, job title, industry, and specific job tasks. Study subjects having held potentially hazardous jobs were additionally asked to reply to job taskspecific supplementary questions. For this purpose, a set of 14 job task-specific supplementary questionnaires had been developed following Bolm-Audorff et al.
35
Exposure assessment Job titles and branches of industry were coded blind to the case control status by two experienced coders in the Frankfurt Institute for Occupational Medicine, according to the International Standard Classification of Occupations (ISCO-68) and the Statistical Classification of Economic Activities in the European Community (NACE Rev 1). These classifications, based on five and four digits, respectively, increase the specificity of each occupation/industry with increasing number of digits (for example, ISCO code 92: printers and related workers, and ISCO 92155: photo-typesetting machine operator).
Characteristics of cases and control subjects
The characteristics of the cases with lymphoma and control subjects are available online (see http://www.occenvmed. com/supplemental). The mean (standard deviation) age of cases with any lymphoma (n = 710) was 56.1 (SD 16.3) years; of cases having Hodgkin's lymphoma (n = 116), 38.8 (SD 15.9) years, of cases having B-nonHodgkin's lymphoma (n = 554) 60.2 (SD 13.6) years; and of cases having T non-Hodgkin's lymphoma (n = 35) 50.6 (SD 17.0) years. Of the 710 case control pairs, 55% were male and 45% were female. The average number of different occupations (held for at least one year) was 2.4 for lymphoma cases as well as for control subjects. The average count of different industries was 2.9 for lymphoma cases as well as for control subjects.
Data analysis
Major occupations and industries were a priori formed on the basis of the two digit job title codes and the three digit industry codes, respectively. Risk by job duration was calculated for major occupations and industries using two categories of duration (1-10 years, more than 10 years). Those who were never employed in the particular occupation or industry were included in the reference category. In the analysis of occupational groups, only subjects having worked in non-exposed white collar works as main occupation were included in the reference category. Missing values were analysed as a separate category (results not shown here).
At first, we analysed the relation between industrial as well as occupational groups and lymphomas as a whole (n = 710). Odds ratios (OR) and 95% confidence intervals (CI) were calculated using conditional logistic regression analysis, adjusted for smoking (in pack-years) and alcohol consumption. Lymphomas comprise a multitude of pathogenetically different subentities with little information to what extent they are also aetiologically different or share common environmental factors. Secondly, we calculated odds ratios for the more frequent lymphoma subentities (with n.30 cases; please see under Study population). To increase the statistical power, patients with these lymphoma subentities were compared separately with the entire control group (n = 710) using unconditional logistic regression analysis. Covariates included in this unmatched analysis were age (as a continuous variable), sex, region, smoking (in pack-years), and alcohol consumption. To exclude potentially ''noncausal'' occupational exposures from analysis, in an additional latency analysis, only exposures up to 10 years before the lymphoma diagnosis were considered. Table 1 presents odds ratios and 95% confidence intervals (CI) for the association between economic or industrial sectors and the entire case group (n = 710 lymphoma patients); only the results for industrial groups with at least five lymphoma cases are reported. Significantly increased risks can be seen for the sectors food products, beverages, tobacco (NACE 150-160) and pulp paper, paper products, publishing and printing (NACE 210-223). In the subentity analysis, for the sector ''food products, beverages, tobacco (NACE 150-160) particularly strongly increased odds ratios can be seen for follicular lymphomas and CLL (table 2), while for other subentities the numbers were too small to provide conclusive results. For pulp papers, paper products, publishing and printing (NACE 210-223) the odds ratios were significantly increased for multiple myeloma as well as T cell and NK cell NHL.
RESULTS
For the sector basic metals and fabricated metal products (NACE 270-287) an overall null result covers a strongly increased odds ratio among long term exposed subjects; however, based on small numbers. In the subentity analysis significant increases are found for Hodgkin's lymphoma.
Significantly decreased odds ratios occur for the sectors chemicals, chemical products, and man-made fibres (NACE 240-247) and real estate, renting, business activities (NACE 700-748) with consistent but non-significant decreases for short term and long term exposures. In the subentity analysis, the negative association with these industrial sectors looses its statistical significance.
The top level evaluation (all lymphoma combined) might mask associations between specific factors and individual subentities. Therefore, in table 2 all significant associations between industrial sectors and lymphoma subentities are reported (except for B-NHL in total, which mainly reflect the risks of all lymphomas combined). Several associations with economic sectors are found which are statistically significant only for one or few lymphoma subgroups. Importantly, most of them are not based on small numbers. Partially, the involved sectors provide increased odds ratios for several lymphoma subgroups-for example, construction (NACE 450-455) to Hodgkin's lymphoma and CLL/SLL, ''wholesale retail trade, repair of motor vehicles etc'' (NACE 500-527) to CLL/SLL and marginal zone B cell lymphoma. Tables 3 and 4 present the odds ratios for the association between occupational groups and lymphoma. In table 3, all lymphomas are combined; in table 4, statistically significant subentity specific odds ratios are presented. Increased odds ratios can be seen for the five occupational groups architects, engineers, and related technicians (ISCO 02-03), maids (ISCO 54), farmers (ISCO 60-61), glass formers, potters (ISCO 89) and bricklayers, carpenters, and other construction workers (ISCO 95). A decreased odds ratio can be seen for shoemakers and leather goods makers (ISCO 80). The separation of data into short term and long term exposures indicates that the altered risks seem not to be confined to the subgroup of long term exposed subjects. However, in a further occupational group, plumbers, welders, sheet metal and structural metal preparers and erectors (ISCO 87), an overall unaltered odds ratio masks an increased odds ratio among the short term exposed individuals.
For the mentioned occupational groups, the subentity analysis reveals risk patterns which do not substantially differ from the risks for all lymphoma combined, with one exception: the increased odds ratio for multiple myeloma among farmers (OR = 9.2; 95% CI 2.6 to 33.1; table 4) exceeds by far the odds ratio for all lymphomas combined (OR = 2.4; 95% CI 1.1 to 5.4) and is despite the small numbers highly significant for short term exposures as well as for long term exposures.
The subentity analysis reveals increased risks among some occupational groups that are not statistically associated with all lymphomas combined: rubber and plastic product makers (ISCO 90) constitute the only occupational group to be significantly associated with Hodgkin's lymphoma. For diffuse large B cell lymphoma, the odds ratio is considerably and highly significantly increased for metal processors (ISCO 72); however, numbers are small. Several occupational groups are highly significantly associated with follicular lymphoma: medical, dental, and veterinary workers (ISCO 06-07); sales workers (ISCO 41-45); machinery fitters, machine assemblers, and precision instrument makers (ISCO 84); and electrical fitters and related electrical and electronics workers (ISCO 85). The multiple myeloma risk for material handlers, dockers, and freight handlers (ISCO 97) is consistently increased over the short term and long term exposure categories; long term agriculture and animal husbandry workers (ISCO 62) show a considerably increased multiple myeloma risk.
In a latency analysis (data not shown; detailed results are available from the authors), only exposures up to 10 years before lymphoma diagnosis or (in controls) to lymphoma diagnosis of the matched case were included. The exclusion of recent occupational exposures did not substantially change the results for all lymphomas combined. The latency analysis of lymphoma subentities led to few changes in the results: having worked in the industrial sector basic metals and fabricated metal products was no longer significantly associated with Hodgkin's lymphoma. In the latency analysis, electrical fitters lost their significant association with diffuse large B cell lymphoma, but were significantly associated with chronic lymphocytic leukaemia. Having worked more than 10 years as a transport equipment operator was significantly Table 1 Odds ratios and 95% confidence limits for economic/industrial sectors in relation to lymphomas (n = 710 matched pairs; only sectors with at least five exposed cases are presented) associated with follicular lymphoma (ISCO 98). According to the latency analysis, sales workers (ISCO [41] [42] [43] [44] [45] showed-in addition to the increased follicular lymphoma risk-a significantly increased CLL and marginal zone B cell lymphoma risk. Having worked more than 10 years as an agriculture and animal husbandry worker (ISCO 62) was associated with diffuse large B cell lymphoma. Finally, cabinet makers (ISCO 51) had a significantly increased CLL risk (,10 years exposure) and plasmacytoma risk in the latency analysis.
DISCUSSION
In this study, several economical/industrial sectors and occupational groups show an increased and some a decreased lymphoma risk. Due to the broad definition of the respective categories, these findings are not directly conclusive for a causal relation. However, they provide indications to potentially hazardous exposures which may be worth considering in more detail in subsequent analyses. These include solvents, electromagnetic fields, mineral dusts, pesticides, viruses, and others.
Solvents
Exposure to solvents can occur in the economical/industrial sectors (a) pulp paper, paper products, publishing and printing, (b) chemicals, chemical products, and man-made fibres, (c) basic metals and fabricated metal products, and in the occupational groups (d) shoemakers and leather goods makers, (e) printers, (f) rubber and plastic product makers, and to some extent among (g) bricklayers, carpenters, and other construction workers, (h) maids on the level of household application, (i) plumbers, welders, sheet metal and structural metal preparers, and erectors, (j) metal processors, (k) machinery fitters, and (l) cabinet makers. For the mentioned industries and occupations, increased odds ratios were observed with the exception of (b); shoemakers and leather goods makers (d) are significantly negatively associated with all lymphomas combined, but (non-significantly) positively associated with follicular lymphoma. Increased risks among cabinet makers (l) were found solely in the latency analysis. The mentioned increased risks are concordant with several previous studies which pointed to a potential relation between solvent exposure and lymphoma. [36] [37] [38] [39] [40] [41] [42] [43] Due to small sample sizes, we could not conclusively determine whether the found increased risks are confined to specific target subentities. Some particularly strongly increased odds ratios indicate that such specific targets might exist (for example, multiple myeloma in the pulp paper, paper products, publishing and printing sector), but they might not necessarily be caused by solvents. Furthermore, in our study several occupations which can be expected to be prone to solvent exposure (for example, dry cleaners, painters) are not associated with lymphoma diagnosis. Larger study sizes to overcome the limitation of too small sample sizes for a proper subentity analysis and the application of job exposure matrices (JEM) to focus on exposure to specific agents are the next steps required to prosecute these indications. The decreased odds ratio just for the industrial sector chemicals, chemical products, and man-made fibres (b) points to a fundamental problem of analysing occupational cancer studies along industrial sectors: the grouping of employees by such sectors may lead to conglomerates of 
Table 4
Odds ratios and 95% confidence limits for significant associations of occupational groups with specific lymphoma subentities
ISCO-68
Occupational group 1-10 years rather different workplaces and factual exposures with unpredictable overall risks. When employees in the chemical sector with non-exposed white collar work as main occupation (nine cases, 17 control subjects) were excluded from the analysis, the negative association between working in the chemical sector and lymphoma diagnosis lost its statistical significance.
In accordance with Persson et al, 17 our data suggest an association between rubber and plastics work and Hodgkin's lymphoma, but not NHL (except marginal zone B cell lymphoma). In a later publication, the mentioned study group also revealed an increased NHL risk for workers exposed to plastic and rubber chemicals. 44 Rubber and plastics workers might be occupationally exposed to solvents (particularly benzene), aromatic amines, nitrosamines, and polycyclic aromatic hydrocarbons. In 1982 an International Agency for Research on Cancer (IARC) working group 45 concluded that there was sufficient evidence for excess mortality from leukaemia among workers employed in the rubber industry. A recently published cohort study 46 revealed an increased mortality from leukaemia, but not from NHL among rubber hydrochloride workers. Similarly, in a large German cohort study, mortality from leukaemia (ICD-9 204-208), but not from lymphoma (ICD-9 200-203) was significantly increased among rubber workers in the areas ''preparation of materials'' and ''technical rubber goods''. 47 In our study, chronic lymphocytic leukaemia risk was not significantly increased among rubber workers; however, numbers were small. Although there is nevertheless sufficient evidence for an association between rubber work and leukaemia, the evidence to date for an association between rubber work and lymphoma is weak. However, one has to point out that according to the ICD classification some NHL (lymphatic leukaemia) are classified as leukaemia, not as lymphoma. Therefore most epidemiological studies on leukaemia have included some NHL cases in their case definition.
Electromagnetic fields
In our study, the occupational groups plumbers and welders as well as electrical workers showed an increased odds ratio. As a potentially underlying commonality, the exposure to electromagnetic fields has to be taken into account, though the so far available literature appears inconsistent. For orientation, we took a first look on exposure assessment by a Finnish job exposure matrix (FINJEM) 48 and found that only follicular lymphoma were significantly positively associated with magnetic field exposure. Several studies point to a potential relation between electromagnetic fields and NHL; 26 42 49-55 other studies fail to demonstrate an excess risk in NHL among people exposed to electromagnetic fields. 28 56-59 Though several potential modes of action of electromagnetic fields on calcium ion homeostasis, 60 protein kinases, 61 ornithine decarboxylase, 62 and immune response of cells 63 have been proposed, convincing mechanistic pathways from electromagnetic fields to lymphoma are still lacking.
Mineral dusts
The two mentioned occupational groups (plumbers and welders as well as electrical workers), together with chemical processors and construction workers, might also have been exposed to mineral dusts including asbestos. Several epidemiological studies point to a potential aetiological relevance of asbestos exposure to lymphoma; [64] [65] [66] (for an overview see Becker et al 67 ) other studies do not support this relation. 23 26 68-71 Dodson et al 72 detected asbestos fibres in the thoracic lymph nodes of exposed subjects. Therefore, lymph nodes as part of the drainage system of the gastrointestinal organs might get directly in contact with asbestos fibres. As an alternative pathophysiological explanation, lymph nodes might be indirectly involved in the inflammatory process related to the interaction between the fibres inhaled or ingested and the respective tissues. 67 73 When the exposure to asbestos was assessed by the FINJEM, low asbestos exposure was found to be significantly associated with B cell NHL in total, follicular lymphoma, and marginal cell lymphoma. In accordance with these results, Blair et al revealed a significant association between asbestos exposure and follicular lymphoma. 27 
Pesticides
The increased odds ratio of farmers and agriculture workers points to several potentially carcinogenic exposures including pesticides. Additionally, extensive insecticide use in the household may even be a cofactor of the increased odds ratio among maids. Many previous studies indicated an increased lymphoma risk-especially an increased multiple myeloma risk-by pesticide exposure. [74] [75] [76] [77] [78] [79] [80] [81] [82] [83] The carcinogenic effects of pesticides may be associated with their genotoxicity and immunotoxicity, [84] [85] [86] increased cell proliferation, 87 and association with chromosomal aberrations. 88 Again, in our study the definition of agricultural workers is too crude to draw definite conclusions about an aetiological role of pesticides: Pesticides constitute a heterogeneous group of chemical substances; not all agricultural workers apply pesticides; even among those who do, exposure frequency varies considerably. Nevertheless, some studies point to a specific aetiological role of pesticides at least for multiple myeloma: although Demers et al found only a small excess risk among all agricultural workers combined, 81 the risk of multiple myeloma was strongly increased among agricultural workers who reported having been highly exposed to pesticides. Furthermore, a recently published study reveals an increased mortality from multiple myeloma among phenoxy herbicide producers and sprayers. 89 Precise exposure assessment and application of JEM should help to address the relation between specific pesticides and specific lymphoma subentities more conclusively. According to a preliminary FINJEM analysis, B cell NHL in total, follicular lymphoma, and multiple myeloma, but not Hodgkin's lymphoma, are significantly associated with pesticides.
Viruses and others
A further potential exposure of farmers, agriculture, and husbandry workers is that to cattle and thus to zoonotic infectious agents. According with this hypothesis, the case control study of Nanni et al reveals associations between NHL as well as CLL with farming and animal breeding, but not with farming alone. 75 The exposure to zoonotic infectious agents must also be taken into account when considering the increased odds ratio in the industrial sector food products which comprises processing of meat and meat products, and potentially even regarding the increased risk of maids who may have close contact with pet excrement while cleaning the cages. Additionally, our study 33 as well as several other studies [90] [91] [92] [93] revealed a significant association between contact to cattle and lymphoma risk. Not only zoonotic, but also human to human transmission of infectious agents might play a potential aetiological role for lymphoma. In our study, the increased lymphoma risks of maids, sales workers, and medical personnel might be related to human-to-human transmission of infectious agents. However, other occupations with frequent public contact (for example, teachers) are not associated with lymphoma diagnosis in our study.
Our finding of an increased lymphoma risk among architects, engineers, and other technicians has not been previously reported. However, these occupations may be involved in working processes of the construction or industrial production area and could be subsumed under the respective exposures.
Latency period analyis
The average latency time from start of occupational exposure until the diagnosis of acute leukaemia might be about 10-11 years. 94 It is not clear if this latency period is valid also for lymphomas. To exclude potentially ''non-causal'' occupational exposures from analysis, in an additional analysis we considered only exposures up to 10 years before the lymphoma diagnosis. On the whole, the exclusion of recent occupational exposures led to slightly increasing lymphoma risks. The results of the latency analysis are to a large extent compatible with a potential role of solvents, electromagnetic fields, mineral dusts, pesticides, and viruses in the aetiology of lymphomas.
Limitations
Exposure assessment based on job and industry titles always implies misclassification of exposure to known and unknown carcinogens. Several potentially hazardous substances (for example, solvents) are used in many different occupations and industries; therefore, the risk estimates might be diluted when each occupation or industry category is examined separately. Moreover, subjects included in the reference group might have actually had exposures from other occupational or industrial categories similar to the subjects in an exposed group. Due to small numbers, particularly for rare lymphoma subentities, the power of the study to detect risk factors is limited. On the other hand, several tests were performed, introducing a problem of multiple comparisons.
Furthermore, the low response rate among control subjects might have introduced selection bias. However, when only the two study regions with the highest response rate (Heidelberg and Bielefeld: response rate, 50%) are included in the analysis, the results do not substantially change. Moreover, it is worth mentioning that we used a conservative approach to calculate participation rates. If we had excluded individuals from the denominator-as done in some studies-who could not be reached or did not participate due to illnesses, the participation increased to 56% for men and 50% for women. The main difference of calculation is related to failure of getting contact to the randomly selected control subjects (for example, no reply to several mail contact attempts and no telephone number identifiable) who are counted as non-participants in our study, but left out of consideration in many other studies.
CONCLUSIONS
To further clarify the association between specific occupational exposures and cancer subentities, there is a need for multinational epidemiological studies applying a common study protocol and questionnaire. For this purpose, our study will be evaluated as a multinational epidemiological case control study of lymphoma (EPILYMPH) in eight countries, coordinated by the International Agency for Research on Cancer.
Main messages N In a population based case control study applying the new WHO classification, occupations with potential exposure to pesticides, solvents, electromagnetic fields, mineral dusts, and viruses were found to be associated with lymphoma risk.
N According to our study, risk factors might differ between specific lymphoma subentities. A particularly strong association was found between multiple myeloma and agriculture work including farming and animal husbandry.
Policy implications
N To further clarify the association between specific occupational exposures and cancer subentities, there is a need for multinational epidemiological studies applying a common study protocol and questionnaire. For this purpose, our study will be evaluated as a multinational epidemiological case control study of lymphoma (EPILYMPH) in eight countries, coordinated by the International Agency for Research on Cancer (IARC).
